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Goethals’ Infrastructure Challenge Part 2:
The Challenge Begins

Students will do just about anything asked of them, if their professors are willing to ask. The
Goethals’ Infrastructure Challenge (GIC) by design inspires students to envision a better future,
unleash their creativity, and apply their social, technical, political, and economic skills to address
a “wicked problem.” Building on work from last year, West Point in conjunction with the US
Army Engineer Research and Development Center (ERDC), completed the small-scale pilot test
for the GIC with stellar results. The focus of this pilot was to prove the concept that an open-
ended question and online-based competition can inspire students to achieve unique and
applicable solutions to some of our most complex infrastructure problems, while meeting some
of the most challenging ABET student outcomes required of civil engineering programs. Using
proven metrics for evaluating student performance, the GIC pilot has shown that those who are
asking students the questions in civil engineering student competitions have been the limiting
factor for creativity. During this pilot, a four-day competition, the students were able to create a
solution to a wicked problem that encompassed not only a technical solution, but also addressed
the problem’s political, social, and economic aspects. The results show that once students
receive the right questions they will try to (and do) rise to whatever challenge is presented to
them. With a successful small-scale pilot completed and upon the success of the large-scale
pilot, the GIC will be offered nationwide starting in the spring of 2015.

Introduction

The developers of the Goethals’ Infrastructure Challenge wanted students to solve wicked
problems and wanted to fill an identified gap in competition-based learning. The BOK2
assessment tool measures this gap utilizing 24 metrics that are expected skills in professional
practice. Before the competition is implemented nationally, a small-scale and a large-scale test
run will be conducted. For the small-scale test run, the GIC was run on 6-8 December 2013 at
West Point with three teams made up of five Cadets.

The GIC will run a large-scale test on 3-6 April 2014. The large-scale test will run at several
universities, and the results from the large-scale test run will be presented as they become
available.

The GIC pilot program incorporates Likert and free-response surveys to gauge whether the GIC
met the perceived student learning outcomes. The results of those surveys helped to address the
proposed research questions. The proposed research questions are: Does the GIC meet its
proposed educational objectives? And, does the GIC meet the previously identified gap in
competition based learning activities for civil engineers?

Literature review

The problems faced by engineers are no longer purely technical. The problems faced now fall
into several categories. As Hart and Spittka® discussed in 2013, purely technical problems,
where a solution can be optimized, are being joined by wicked, social-technical, and complex-
adaptive problems.
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Infrastructure problems are also characterized as wicked after the concept of Rittel and Webber.?
Rittel and Webber listed ten characteristics of wicked problems yet offered no formal definition
of the term. Wicked problems can generally be characterized by a lack of agreement on what the
problem is, a lack of agreement on the evaluation metrics, a lack of agreement on potential
acceptable solutions, and the inability to optimize to achieve the best solution. These
externalities to the problem compound with the fact that every attempt to solve the wicked
problem irreversibly changes the system in question and the problem itself—there are no
Mulligans, or second shots, when it comes to wicked problems. Unlike technical problems,
wicked problems are never solved; they are merely temporarily resolved and transformed. As we
look into the future, technical problems have not gone away, but they have been joined by social-
technical, wicked, complex-adaptive, complex-evolving, and other yet-to-be determined problem
characterizations. It is this recognition that has led the NAE and ASCE to challenge the
engineering profession to take a leadership position in these problem spaces.

When one also considers that the solution to many technical problems can be commoditized and
outsourced®, it is imperative that our students are able to solve not only technical problems but
also ones of the social-technical, complex adaptive, and wicked varieties.

In order for our students to be able to solve these diverse problem sets, they must be challenged
in these types of problems during their educational experiences. One means of challenging
students is to use competition-based learning. As Barry, Meyer, Arnett and Spittka” discussed in
2013, the current offers of civil engineering student competitions meet only some of the BOK2
objectives. The research conducted addressed a Likert-scale survey to Civil Engineering
programs that asked them to rate the perceived educational impact of competition based learning
events on the students’ fulfillment of the BOK2 student educational objectives.

Looking across the full data set that Barry, et. al., analyzed, it can be observed that none of the
eleven evaluated competitions earned a perceived educational value score higher than or equal to
4.00 in Natural Sciences, Humanities, Social Sciences, Sustainability, Breadth, Public Policy,
Business & Public Administration, Globalization, and Lifelong Learning. Yet, the importance of
each of these Outcomes in the process of developing well-prepared civil engineers is evidenced
by their inclusion in the BOK2.

Even more critically, none of the following categories scored over a 3.5, Humanities, Social
Sciences, Sustainability, Breadth, Business and Public Administration, Globalization.

In order to fill the gap of these unmet educational objectives, Hart and Spittka® proposed the
following educational objectives and participant outcomes for the Goethals’ Infrastructure
Challenge:

Challenge Educational Objectives:
1. Lead in the discussion, understanding, and making of public infrastructure policy.
2. Employ creative and critical thinking in the resolution of “wicked” problems.
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Participant Outcomes:

1. Solve interdisciplinary problems as a member of a team.

2. Formulate problem and solutions sets to ‘wicked’ problems.

3. Present and defend a proposed infrastructure solution in a public forum.

4. Integrate social, political, economic, sustainability, resilience, and technical factors in
solving infrastructure problems.

These objectives are focused on the participants of the competitions. The products that the
participants create are expected to be very good, but the real goal of the competition is to educate
future generations of professionals on how to approach and solve problems of the wicked
variety.

In order for students to embrace solving wicked and other complex problems, they must be
motivated to do so. What is viewed as traditional motivation, or in Daniel Pink’s vernacular
Motivation 2.0, involves carrots and sticks. The rewards and punishments for doing well or not
are imposed extrinsically on the students. Pink argues that the external based system of
Motivation 2.0 is no longer (or possibly never was) as effective as the internal based motivation
of an individual.® In order to inspire students to internal motivation, the manner in which tasks
and rewards are structured must be adjusted. The students must feel they have three elements in
the work they are accomplishing: autonomy, mastery (or the ability to strive toward mastery),
and purpose.” In order for students to be motivated to discover how to solve the complex
problems facing today’s professionals, they must be given the latitude to develop their own
internal motivation.

Autonomy speaks to the desire of humans to be their own masters. People want to feel like they
have the ability to control their own destiny by picking and choosing where they place their
efforts. Pink argues that we move beyond Motivation 2.0 and closer to internal motivation when
we have the ability to work autonomously.® Mastery is becoming proficient at ones’ chosen
craft. In the same way that a basketball player shoots the same shot hundreds of thousands of
times in practice for the opportunity to shoot one time at the end of a game, so too do all
professionals seek to become masters within their domain. Allowing professionals and students
the opportunity to work towards mastery helps move us beyond Motivation 2.0.° Finally,
Purpose allows a person to see the reason why their efforts are important. Most people want to
be functional members of a team and have their efforts used as part of a larger project, or the
entire project. This purpose means something more than just their current paycheck or grade.™

Methods

The GIC competition structure gives teams a small focused amount of time that allows them to
be brilliant and come up with a unique solution to a wicked problem.™* Hart and Spittka looked
at doing a yearlong or a 96-hour competition.*? They chose the 96-hour version of the
competition, with future parts of the Goethals’ family of competitions looking to incorporate the
yearlong competition option. The relatively short duration of the competition was chosen so the
GIC had minimal long-term impact on the already encumbered ABET accredited civil
engineering curriculum. The effectiveness of professionals being able to enhance their overall
performance and creativity by working for a focused amount of time is being extended to the
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undergraduate level as well. The intent was not to replace, but to augment, the activities already
in a civil engineering curriculum.

All of the materials and direction for the competition are given to the participants through the
competition’s website, http://infrastructurechallenge.org. The GIC teams are limited only by
size; there are no more than five people allowed on each team. The teams are given the generic
challenge topic areas before the competition window. At the start of the 96-hour timeframe, the
exact challenge in each of the topic areas is posted to the website. The teams submit all of their
challenge solutions on the website as well. Participants of the competition retain all intellectual
property. Beyond these constraints, there were no other rules imposed on the competitors for the
completed small-scale test.

Hart and Spittka looked at having three submission requirements: 1. A 7,500 word position
paper 2. A 500 word OP-ED style piece and 3. A video presentation to the judges.'®* The final
GIC submission required four total submission: 1. A 7,500 word position paper 2. A 500 word
OP-ED style piece 3. A one-power point slide that acts as the sales brochure to the general public
and 4. A video of the 60-second elevator pitch of the proposed solution.

Small Scale Test

On 6-8 December 2013, three teams of five cadets were given 72-hours to complete only the
position paper submission requirement for a solution to one of three provided prompts. The
three prompts were in the topic areas of transportation, water, and energy. The prompts are
provided in Appendix A. Cadets from CE350: Infrastructure Engineering were chosen to
participate in the competition. One participant came from the USMA Geography and
Environmental Engineering Department as well. The authors offered the GIC to a select number
of students who had performed well on examinations and assignments in the current semester of
CE350. Then, importantly, the students were allowed to structure their own groups. Two groups
addressed the regional transportation prompt, while one group addressed the wastewater prompt.
The groups were allocated space in the USMA engineering building, but were in no ways
constrained on their use of the time. One group had a member that became ill over the weekend,
so the ill cadet worked from his room while still contributing, even utilizing video
teleconferencing (VTC) to help with his team’s submission requirements.

Five judges reviewed the submissions and scored the position papers based upon the rubric that
is in Appendix B. The judges came from the Civil Engineering Division and the Environmental
Engineering Division of West Point, as well as the Department of Homeland Security.

At the completion of the competition, the participants were given an individual survey using
SurveyMonkey ®. The survey addressed their experiences with the competition, the website,
and their perceived educational benefit. The survey included Likert scale responses as well as
free response questions. The complete survey is found in Appendix C.

The survey required respondents to evaluate the perceived educational value of individual
competition-based learning activities relative to the 24 outcomes identified in the BOK2.** Each
outcome was evaluated as being “Not Applicable” (Outcome is not satisfied by this competition),
“Very Limited” (Outcome is satisfied to a very limited extent by this competition), “Somewhat”
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(Outcome is somewhat satisfied by this competition), “Significantly” (Outcome is significantly
satisfied by this competition), or “Completely” (Outcome is completely satisfied by this
competition). A definition of each outcome was provided within the survey using the precise
language that ASCE uses in the BOK2 document. Refer to Appendix C to read the list of
Outcomes and associated definitions.

The survey required respondents to evaluate whether the competition met the proposed student
educational outcomes of the Goethals’ Infrastructure Challenge. Each outcome was evaluated as
being “Not Applicable” (Outcome is not satisfied by this competition), “Very Limited”
(Outcome is satisfied to a very limited extent by this competition), “Somewhat” (Outcome is
somewhat satisfied by this competition), “Significantly” (Outcome is significantly satisfied by
this competition), or “Completely” (Outcome is completely satisfied by this competition). A
definition of each outcome was provided within the survey using the same language as the
proposed Goethals’ Infrastructure Challenge student outcomes. Refer to Appendix C to read the
list of outcomes.

The evaluator survey was used to gauge how well the students performed on the GIC, the
perceived educational benefit to the students and to help develop the evaluation metrics of the
challenge going forward. The survey included Likert scale responses as well as free response
questions. The complete survey given to the evaluators can be seen in Appendix D. The survey
used the same BOK2 criteria and proposed Goethals’ Infrastructure Challenge Student Outcomes
as the participant survey.

Limited manipulation of the collected survey data was required.
Large Scale Test

The large-scale test will be run from 3-6 April 2014. Student teams from 7 universities will be
given 96-hours to complete a position paper, Op-Ed newspaper article, elevator speech, and
concept poster. All materials will be available to the participants via the Goethals’ Infrastructure
Challenge website, http://infrastructurechallenge.org. The submissions will be submitted
through the website as well.

The participants of the large-scale test will be given a SurveyMonkey® survey that is similar to
the small-scale test survey. However, the large-scale test survey will incorporate lessons learned
from the small scale test.

The evaluators of the large-scale test will be given a SurveyMonkey survey that is similar to the
small-scale test survey but incorporated lessons learned from the small scale test into the new
survey.

Since multiple universities will be involved in the large-scale test, the faculty advisors for the
large-scale test will be given a SurveyMonkey® survey that is similar to the evaluators’ survey.
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Results

The survey given to the participants of the small-scale test resulted in 14 responses. This was a
93% response rate. Three evaluators of the small-scale test completed the survey for a 50%
response rate. All responses were included in the results, since no incomplete or bad data was
received.

Table 1 is a summary of the perceived education benefit of the Goethals’ Infrastructure
Challenge based on the BOK2 student educational outcomes. The average of the participants’
and the evaluators’ responses to the Likert-scale survey are listed below. The scores for
objectives that participants rated lower than evaluators are underlined in the Table 1.

Table 1: Average Reported Percieved Student Educational Value of GIC

BOK?2 Objective Participant Evaluator
Responses Responses

Math 2.92 2.33
Natural Sciences 3.15 2.00
Humanities 431 4.00
Social Sciences 4.15 4.00
Material Science 3.08 2.33
Mechanics 3.08 2.33
Experiments 2.17 2.33
Problem Recognition 4.77 3.00
& Solving
Design 4.69 3.33
Sustainability 4.62 3.33
Contemporary Issues 4.54 3.67
Risk & Uncertainty 3.77 3.00
Project Management 4.08 2.67
Breadth 4.23 2.67
Technical 4.08 2.00
Specialization
Communication 4.54 4.33
Public Policy 4.54 4.00
Business and Public 4.38 3.33
Administration
Globalization 3.85 3.33
Leadership 4.46 3.00
Teamwork 4.85 4.67
Attitudes 4.15 3.00
Lifelong Learning 431 3.67
Professional & 4.08 4.33
Ethical Responsibility
Average 4.03 3.19
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Figures 1 and 2 are summaries of the proposed Goethals’ Infrastructure Challenge Participant
Educational Outcomes. The average of the participants’ (Figure 1) and the evaluators’ (Figure 2)
responses to the Likert-scale survey are listed below. The spectrum of scores range from a
minimum of 1.0 to a maximum of 5.0.

Proposed GIC Educational Objectives

Integrate social, political, economic, sustainability, resilience
and technical factors in solving infrastructure problems.

Presentand defend a proposed infrastructure solution in a
public forum

Formulate problem and solution sets to "wicked" problems

Solve interdisciplinary problems as a member of a team

Employ creative and critical thinking in the resolution of
"wicked" problems

Lead in the discussion, understanding and making of public
infrastructure policy.
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Figure 1: Goethals’ Infrastructure Challenge Participant Education Outcomes- Participant

Proposed GIC Educational Objectives

Integrate social, political, economic, sustainability, resilience
and technical factors in solving infrastructure problems.

Presentand defend a proposed infrastructure solution in a
public forum

Formulate problem and solution sets to "wicked" problems

Solve interdisciplinary problems as a member of a team

Employ creative and critical thinking in the resolution of
"wicked" problems

Leadin the discussion, understanding and making of public
infrastructure policy.

1|1

o
o
)

1.00 2.00 3.00

P
o
o

5.00

Figure 2: Goethals’ Infrastructure Challenge Participant Education Outcomes- Evaluator
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Table 2 and 3 show the time spent by participants (Table 2) and evaluators (Table 3) on their
respective tasks associated with the Goethals’ Infrastructure Challenge. The time spent is
reported in Hours.

Table 2: Time Spent on Goethals’ Infrastructure Challenge- Participant Input
Research | Problem Formulation | Writing Position Paper

Average
(hours) 11.25 5.54 11.73

Table 3: Time Spent on Goethals’ Infrastructure Challenge- Evaluator Input

Evaluating each Position Paper
Average (hours) 1.1

Table 4 shows the participants response to what other courses helped them in completing the
GIC Challenge. The number of times, each course was mentioned is shown in the right hand
column.

Table 4: Courses that helped participants in the Goethals’ Infrastructure Challenge.

Course Name Course Mentioned
Number
Civil Engineering Site Design CE390 7
Economics SS201/SS251 4
American Politics SS202/SS252 3
Analytical Method for Engineering EM384 1
Management
Engineering Economy EM381 1
Environmental Systems Analysis EV401 1
Environmental Systems Design EV402 1
Fundamentals of Engineering Mechanics and MC300 1
Design
Mass Media and American Politics SS370 1
Mechanics of Materials MC364 1
Physical Geography EV203 1
Physics PH201/PH202 1
Probability & Statistics MA206 1
Statistics for Engineers SE375 1

The GIC aims at developing the next generation of critical thinkers, thus the competition must
appeal to engineers and future engineers. The participants responded to a free response question
that asked them what they liked about the competition and if they would do it again. Twelve out
of 14 participant responses said they would participate again. The other two responses said they
would participate again given the right set of circumstances.
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Table 5 shows the participants responses to what they liked about the competition.

Table 5: What Participants Liked about the GIC

The opportunity to solve a real world problem with not just engineers, but people from other
majors. Just like it will be outside of West Point.

I liked the openness of the prompts.

The fun times and cool problems

Working with my team on a project that had no clear answer. It was a great deal of work but it
felt like we were really accomplishing. This was only magnified by the excitement of all of the
random professors who came to see us.

Solving a complex problem with little or no guidance. Being able to plan a project with 100%
autonomy from start to finish. Working with cadets from other majors.

Working with a team to solve a complex problem.

It really required teamwork and cooperation.

Group interaction and teamwork across multiple disciplines

| felt like a real engineer. Also, I felt like the things we learned about in class were actually
applicable

I enjoyed tackling a real world application

I learned a lot about High Speed Rails. | feel it increased my ability to think critically and be
creative and look for solutions and research

| appreciated how open ended the challenge was due to there not being many questions like
that given at West Point. | also like having a choice of three topics.

Group Project. Time length

It allowed me to integrate cross disciplinary knowledge.

Discussion

The results from the small-scale test showed that the GIC has formulated applicable academic
participant outcomes. The participants felt that they met all of the academic outcomes between
4.0 (Significantly) and 5.0 (Completely). The only outcome that was not above 4.0 was “Present
and defend a proposed infrastructure solution in a public forum.” Since the participants did not
have to complete all the submission requirements that required them to publically defend their
proposal, it was expected that this outcome would be reported lower that the others.

The evaluators did not perceive that the participants satisfied the educational outcomes to the
same extent that the participants did. This discrepancy can be attributed to the relative
experience the evaluators have when compared to the participants. The evaluators still felt that
two of the outcomes were between 4.0 (Significantly) and 5.0 (Completely) met. Those
outcomes were “Employ creative and critical thinking in the resolution of ‘wicked” problems”
and “Solve interdisciplinary problems as a member of a team.” The fact that the Goethals’
Infrastructure Challenge wants to develop the participants to think about difficult problems more
deeply and is looking for an interdisciplinary approach to those problems means that the primary
educational outcomes for the GIC have been met at a high level by the small-scale test.

Two other objectives that are rated between 3.0 (Somewhat) and 4.0 (Significantly) by the
evaluators speak directly to the quality of the submissions that the participants generated. Those
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objectives are “Formulate problem and solution sets to ‘wicked’ problems” and “Integrate social,
political, economic, sustainability, resilience and technical factors in solving infrastructure
problems.” Since the survey asked the evaluators to rank the submissions as a whole (not
individually) the overall average of the submissions were below the “significantly level”, while
some of the submissions were over the “significantly” level for those two outcomes.

The GIC has also shown through a survey that the gap identified in BOK2 objectives by Barry,
Meyer, Arnett, and Spittka is lessened by this new student competition. The BOK2 objectives,
as reported by Barry, et. al., that were not over 3.5 for any existing competition were:
Humanities, Social Sciences, Sustainability, Breadth, Business and Public Administration,
Globalization. Both participants and evaluators felt that the GIC scored at least a 4.0 for the
Humanities and Social Sciences outcomes. This is a significant increase over any current student
competition, where both of those objectives scored under a 3.5. Sustainability; Breadth;
Business and Public Administration all scored over a 4.0 from the participants and under a 3.5
from the evaluators. The students’ perception of their educational benefit was higher than the
evaluators’ perception, which is expected given the complexity of the BOK2 objectives. The
discrepancy can also be attributed to the comparative lack of professional experience that the
participants have, which is contrasted with the experience the evaluators have.

Of the BOK2 outcomes that Barry, et. al reported, the one outcome that was under 4.0 from both
the students and evaluators in the small scale test survey was Globalization. The nature of the
questions that were posed in the small-scale test of the GIC makes this response on the survey
make sense. All prompts for the small-scale test were focused on the United States.

The GIC developers will continue to look at adjusting the GIC to incorporate the need for a
student competition that can further address Sustainability; Breadth; Business and Public
Administration; Globalization.

The GIC aims at developing the next generation of critical thinkers, so the competition needs to
be something that participants want to be a part of. It is important to note that none of the
participants said they would not do the competition again. The range of reasons why the
participants liked the competition shows that the competition is developed to appeal to a wide
range of participants. Participants were willing to spend large amounts of time in the midst of
demanding schedules because they thought the challenge was something worth working on.

Summary Findings

The first research question posed in this study was whether the GIC met its proposed educational
objectives. Based on the findings from the Likert surveys of the participants and evaluators, the
small-scale test of the GIC met some, but not all of the proposed educational objectives as was
hoped for. Some of the educational objectives were not expected to be met (Present and defend a
proposed infrastructure solution in a public forum). Others will vary with each iteration of the
GIC since they are based on the quality of the participant’s submittals (Formulate problem and
solution sets to “wicked” problems; and Integrate social, political, economic, sustainability,
resilience and technical factors in solving infrastructure problems).
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The second research question posed in this study was whether the GIC met the previously
identified gap in competition based learning activities for civil engineers. Again, the small-scale
test of the GIC showed that some, but not the entire gap, was lessened. The BOK2 objectives of
Humanities and Social Sciences were both rated at a greater than Significantly level based on the
participant and evaluator surveys. There was a discrepancy (Participants perceived greater than
Significantly while Evaluators perceived greater than Somewhat level) in whether or not the
Sustainability; Breadth; Business and Public Policy were met. Globalization was not met at the
greater than Significantly level.

The authors found that the teams in the small-scale test addressed the challenge prompts and
focus areas, but the prompts did not give the Cadets enough guidance on the depth of thought
needed for the submissions. To ensure that the submissions address the depth of thought
required, the large-scale test will include prompts that cause the participants to have to address
more issues with their submissions.

The authors do not recommend that the GIC be extended to an entire CE program. The
challenge seemed to work well when the participants wanted to be part of the challenge. When
they brought some internal motivation to the table, they produced better results. Having a
challenge be a mandatory requirement for a full CE program will reduce the inherent internal
motivation, which would cause the perceived educational value to decrease. Perhaps this
challenge can be utilized and viewed as a reward for high performers who want to be pushed to
the next level of critical thinking.

The GIC developers will look to launch a full-scale GIC competition at the national level in the
spring of 2015. The developers are currently looking for organizations that are willing to
evaluate, provide prize money, and provide challenges they want addressed.
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Appendix A: Fall 2013 Prompts

How do you accomplish this trip daily (300-600 mile trips)...

1. Regional Transportation

How do you break this perception...

[

...and decentralize this?

How do you make a profit from one of these...

...without doing this to your users Cost vs. Time graph?

willll

3. Wastewater
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Appendix B: Judges’ Grading Rubric

Evaluation Metrics

AN

Evaluation Metrics

Problem frami
Sustainability

|

_—

Resilience

Social value

See the future Write the plan Be the answer

ng
S

|

Functionality
S

Scale of Evaluation Metrics

Tiers of Quality of Submissions

2 3 4
Problem Framing Well Developed Defined Loosely Defined IIl Defined
Resilience Considered Not addressed
Sustainable Considered Not addressed
Viable Is viable Might be viable not currently viable not able to be viable
Functional highly functional somewhat functional may be functional not functional
Social Value Fully meets the need Meets the Need Meets a need Doesn't meet any need
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